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ABSTRACT

,

..

A facility iS described which has been developed at the Stanford
Synchrotrons Radiation Laboratory for the rapid acquisition of structural
information from a sample pressurized in a diarntind-anvilcell and cooled
to cryogenic temperatures. The system employs a closed-cycle He-refrig-
erator which can be continuously operated, independent of any llquid
cryogens, from a remote control station; the sample temperature can be

r,taintainedconstant to better than 0.05 K. The compressive contact force
between the dianond anvils, and hence the sanple pressure, is also exter-

nally controlled, thereby providing remote control capabilities for both

the pressure and the temperature. Preliu~nary data on the critical points
and volume changes associated with the pressure/temperature induced
isomorphic phase transition in Ce .8La.lTh.l are presented.

INTRODUCTION

The synchrotrons rirdiation (SR) source has rxtny advantages over a

conventional, sealed-beam x-rr.y tube. One of the most important is the

four to more than seven orders of magnitude increase in spectral bril-
liance nvn~lable from the SR-source. [1] Largely because of this, cx-
])crimcnt~, which might require extended exposure periods with conven-

tional x-ray sources, can ‘oIten bc completed in fractions of that time

when SR is used. Primarily for this xeason, a system to ●mploy SR for
hish pressure x-ray btudies has Leen under development for the pust three
year~ at the Stanford Synchratron Radiation Laboratory (SSRL)O S ~nford
University. [2,3] A va~lt~ty of dianond-nnvil cells (DAC) have been employ-

ed; the samples nre illuminated wjth unfiltered,, heterochro~tic x-ray
lI}Iotcins,and tht!scnttclrud radlatiou in analyzed under conditions of f~xc~
f,ur)metry with an euc~r~y 6cIIBicive detector, so-called energy dinper.e%ve

x-ray diffraction (MM). Rttccnt imprcivcments in this system hsve lcd to

tllc routine production of hi~h qunlity EDXD spectra in rnlativcly fihort
trwnsurcrncnt puriothu PO[!O$a prccltiion of better than 0.04% in the determ-

ination of ener~y peak posltiotls can ba obtained with scan periodn ●m

Iillortas 10 K(’C.[4] ‘he most recent c.han~es in this ny6tcsm hnvc been to
pcrmtt }Ijl:hpr~u~urc~ o;)ernt_ionwot reduced temperatures.

!: XPI:I!l IXI!TAL SET-U)’



“~
*VACUUM sWK)UD WITH KAPTON RADIATION WINDOWS

THERMAL nADIATION SHIELD. \,
#

TO PnESSURIZED]

-i

“—— -—— +-J i.—— —

\
(Y,Z)- ALIGNMENT TABLE

‘IIJ BE
RADIATION HUTCH

Fig. 1: Schematic drawing of the experimental setup of the closed-cycle

tie-refrigerator coupled to the renotely controlled Be-h DAC at SSRL.

several layers of aluminized mylar and corltained within a stainless steel
vacuum shroud provided with two large Kapton windows which served as

radiation ports. The entire apparatus was rigidly mounted on a horizon-

tal-vertical alignment table with remot~ adjustment capabilities, similar
to those described in Ref. [3].

The temperature of the cell waa controlled by the use of an Air

Products temperature controller which employed either a Pt or Ge sensor,
depending on the temperature rangR+ The temperature was controlled to a

i
value above that teaulting from t e cryogen by means of a manganin resist-
ance heater wcund on the cold fin,, r~ adjacent to the temperature sensors.
The temperature was mettable to within 0.1 K and controllable tc better
than 0.05 K.

The temperature of the diamond ●nvil was monitored with a 444-gau8e
(.h]-resistance tharmometcr wound and bonded directly on the lateral faces

of one of the diamond onvilo; it had m room temperature (28 C) resls-
tunce of 16.63 ohms. U#ing Ii100 m. conuttint current source and a four-
proba neanurernent Lechniquti, the rhangm $n the coil rc~lgtance was u=ed to
d~termlne the anvil tmprrattire, basad on the calibration data of I’)nuphina
and Preston-Thomaa. [6] The diamond anvil tenpezaturu lo determined to
within +_O.5 K at the l,owe~t tcnperature, 40 K.

In order $0 provide pressure control at cryogenic temparaturea,
we employed a te?hnique developed by one of us for vnriable prrssure
cnpabfllty in o DAC coupled to a dilu:ion rvfri~arator.]7] Nnmely, a
IW!11OWB ottnchm~-nt waq coupled tn the pintun In the I.)ACtl~rough n lever
●rrangenmnt. The conrnct load between the diumond anvils, and hcncc the
pre~sure, could be net and then increauedo ●s necessary, by incrensinR the
Ilc-gas prel;sure iII t}l~~l)PllOWB ch~mb~r. Thi~ could bc accomplished
from OUkRidC the hutch, and provl~~d exc~ll~nt remote control of the
tinmp]~~ prvssu!~ nnd moot efficient une of the SR henm tim~, i.e., in our
initffil nrtup th(~ CCI1 wnM clamp~d nnd isobaric dntn were taken as ●

.
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function of temperature. Thh proved to be extremely Inefficient because,

, although, spectra could be satisfactorily recorded in a few minutes,

almost an hour was required before therrr~l equilibrium was achieved. With

t},{:bel’Jews attachment, isothermal data are collected as a function of

pressure, i.e. at each temperature setting, the pressure is swept up and

down through the region of interest. As an example, daring a recent

run opera~ing in this mode, 45 pressure/terrperature spectra weze recorded

in leftsthan three hours of operation.

APPLICATION ..

The first application of this system has been to study the two - ~
critical points in the pressure-temperature phase diagram of a number of

Cc-rich Ce-RE-Th alloys. More specifically, the phase diagram of Ce .~La.
- 0 transition line which terminates in

~iti~~;i~%t ~ ~~~~~~~~ra~alogous

A
to a gas-liquid condensation. The

y and a phases are isomorphic, both being FCC structures; however, there is

about a 15% decrease in the volume in going from the y-phase to the
(:&phase.[8]

The addition of rare earth impurities to the Ce-Th alloys simulates
“negative” pressllre and leads to the disappearance of the first-order

transition at ambient pressure. This “negative” internal pressure can be

compensated by the application of ex~ernal pressure, resulting in the

“rc-entrancett of a .firat-order transition and the ap~>arance of two
critical points at either end of the transition line; see Fig. 2.

FiR. 2: Simulated phase diagram of Cc.8La.lT},.l

A typical EDXD spectrum of a mixture of Ce Th La
taken at a preswre of about 0.S GPa and a temperatul { of 16CM\BA::Ok$::
Fic. 3. The three prorrfncnt diffraction peakm centered near 20 kcV photon
t*,ner~,ien were uned for the actunl n~ua~urcmwnta; khe NaCII-(200) penk served
as an interr~al premnure calibrant. seVeral fluoremc+mce panks arising

from the tramplr are aloo seen in the spbctrum.



Cco,oTho<,Lao.,

ThLp,=

—(III)

/
No cl (200)

.> -L
tlJocl[lll) Ce we

ThLp*

ThLa- 1
~1

(220)

\

10 Is 20 2s 34) 3!

d

-1200)

No Cl(220)

. Pi\oW Encqy (KaV)
. . . . “,-

I

1
mow ES*1CJ—

Fig 3: EDXD sPectrUrn fOr Ce.8La.lTh.l Fig. 4:
at 0.5 GPa and 60 K.

Temperature
shift of EDXD spectr

T-4, but in each case, the shift in &oing from T-2 to Y-3 is much greater.
This Is the result of the 15% ‘volume change associated with the phase
transition.
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the unit CC1l parnmetcr in Com8La.lThol. .
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The hystel:eti. c nature of the transition end the effect of moving

through the lower critical point (P”,T’) are represented in Fig. 5 where
the temperature dependence of the un?-t f!ellparameters of the Cc-La-Th are

plotted at approximately COnSti311t pressure ir.crements. The circles

represent data taken while cooling, the crosses represent data taken while
warming; in both cases, under conditions of thermal equilibrium.

Additional research :n the transition in Ce ~Th La is presently
underway. Work is planned for the imnediate. future “{o”~lso study the

c?itical exponents near the critical points for five other %e-entrantst
alloys, Vi:L., Cti (x=O.15), Ce

J~u The ~ “ ?~~::ti?% O.04).
Gd Th ~ (X-O.15 & 0.20),

and Ce
“2-

Morl”o#i~ w% <e presently engaged
in theo e~ic~l c lculations to extend thti equation of state calculations
for NaCl to low temperatures and thereby to provide a convenient low
temperature pressure gauge.
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